Two experiments were conducted to examine the impact of source, urea (U) or Optigen II (OP), and level of dietary NPN on performance (Exp.1) and N balance (Exp. 2) of growing cattle. Sixty Angus crossbred steers (initial BW = 353 ± 13.9 kg) were used to evaluate performance, and fed 1 of 3 steam-fl aked corn based diets: U (U 1.2 , 1.2% NPN), OP (OP 1.3 , 1.3% NPN), or OP without cottonseed meal (OP 3.1 , 3.1% NPN). U 1.2 and OP 1.3 contained cottonseed meal and NPN as CP sources, whereas OP 3.1 contained only NPN. For Exp. 1, steers were blocked by postweaning BW and assigned to treatment (TRT) and pen within block. Body weight was collected every 14 d during the 105-d trial. Six steers from each TRT were selected based on residual feed intake (RFI) and harvested. Carcass and organ measurements were obtained. Cumulative animal performance was evaluated in 3 periods (0 to 35, 0 to 70, and 0 to 105 d) using a mixed coeffi cient model with initial BW as a covariate. For Exp. 2, 5 ruminally cannulated Holstein steers in a 5 × 5 Latin square design were used to evaluate N balance. Steers were fed a steam-fl aked corn based diet with either no NPN, 0.75% U or N equivalent OP, or 1.5% U or N equivalent OP. Intake was measured, and feed, orts, urine, and fecal samples were obtained and composited for each steer by period. Data were analyzed using a mixed coeffi cient model. Orthogonal contrasts were used to evaluate differences between OP and U, and high and low level of NPN. For Exp. 1, there were no differences (P > 0.10) in initial BW, fi nal BW, ADG, or DMI among TRT for any of the periods. However, for period 1 steers on OP 3.1 had reduced F:G than U 1.2 (5.71kg/kg vs. 7.39 kg/kg; P = 0.03), and steers fed OP 1.3 tended to have less F:G than those fed U 1.2 (6.07 kg/kg vs. 7.39kg/kg; P = 0.07). In period 2, OP 3.1 had reduced F:G than U 1.2 (5.58 kg/kg vs. 6.56kg/kg; P = 0.03), but did not differ from OP 1.3 (5.97). For Exp. 2, steers fed OP tended (P = 0.09) to have less apparent N absorption than those fed U. Apparent N absorption differed (P < 0.05) for level of NPN. There were no differences (P > 0.10) in intake or digestibility among source or level of NPN. No major differences (P > 0.10) on performance and carcass composition were observed between U and OP diets. Steers had better initial F:G (Period 1 and 2) when OP was used as the only source of feed N (OP 3.1 ), suggesting that OP may replace true protein feeds in fi nishing cattle diets, minimizing feed use with no impact on carcass quality.
INTRODUCTION
Approximately 11.5 million cattle were on feed in the United States in January 2011 (USDA-NASS, 2011) , with diets ranging from 12.5 to 14.4% CP with 0.5 to 1.5% urea (Galyean, 1996) . The majority of feedlot nutritionists consulted by Vasconcelos and Galyean (2007) indicated that steam-fl aked corn was the primary grain fed. In feedlot rations, grain processing is typically used to increase the availability of starch, and results in a faster rate of starch degradation. Taylor-Edwards et al. (2009a) found that feeding urea increased ruminal ammonia concentration 58% over that observed when a slow-release urea (SRU) product was fed. Therefore, in typical feedlot diets, the rates of ruminal fermentation of highly processed grains and the hydrolysis rate of urea may not match. This asynchronous fermentation would result in a portion of urea not utilized by the microbes in the rumen. The use of SRU products offers a unique opportunity to synchronize ruminal fermentation of carbohydrate with NPN release rate. Previously, SRU products, such as biuret (Hatfi eld et al., 1959; Oltjen et al., 1968; Fonnesbeck et al., 1975) , starea (Thompson et al., 1972) , urea phosphate (Oltjen et al., 1968) , or coated urea (Owens et al. 1980 ) were shown to be ineffective, either releasing NPN too slowly to be utilized effi ciently by ruminal microbes, or too quickly to provide a benefi cial effect over feeding urea. Optigen II (Alltech, Lexington, KY) is a blended urea product with an intermediate N release rate that is less than urea and greater than some of the SRU products described above. Optigen II provides high N concentration at 256% CP compared with true protein sources such as soybean meal at 53% CP on a DM basis (Tikofsky and Harrison 2007) . Our objectives were to examine the impact of source (urea or Optigen II) and level of NPN on 1) performance of growing cattle fed steamfl aked corn, 2) carcass characteristics of these cattle, and 3) the N balance of fi nishing steers.
MATERIALS AND METHODS
All animal procedures were approved by the Texas A&M University Institutional Animal Care and Use Committee (IACUC # 2007-172) .
Performance and Carcass Characteristics Experiment (Exp. 1)
Animals and Management. Sixty steers were obtained from the Texas A&M University Agriculture Research Station at McGregor, TX. Steers were sired by Angus bulls and out of 5/8 Angus 3/8 Nellore dams. One week after weaning, steers were blocked by postweaning BW, and randomly assigned to treatment (TRT) and pen within block, with 5 pens/TRT and 4 steers/pen. After 2 wk of adaptation to bunks, steers were sorted to pens and adapted over 69 d to 1 of 3 steam-fl aked corn based diets. Steers were fed 6 step-up diets containing increasing amounts of steam-fl aked corn and NPN source during this adaptation period. Body weights were collected before feeding, every 14 d throughout the measurement period, without restriction of feed or water. At both the start and end of the trial, BW and ultrasound carcass measures (intramuscular fat, IMF; LM area, LMA, fat thickness, FT) were obtained. Individual intakes were measured using Calan gate feeders (American Calan, Northwood, NH) for 105 d. Feed was delivered twice daily, with feed refusals measured weekly.
Diets. 1 U 1.2 = 1.2% Urea, OP 1.3 = 1.3% Optigen II, OP 3.1 = 3.1% Optigen II no cottonseed meal, IVGP = in vitro gas production, NFC = non-fi ber carbohydrate, DIP = degraded intake protein, N = Nitrogen.
2 Corn amount also contains corn used as carrier for treatments.
3 Nutrient composition values from composites of individual feed ingredients sampled weekly and predicted by the Large Ruminant Nutrition System (LRNS).
4 LRNS uses 35% soluble CP for Optigen II (Altech, Lexington, KY); we assumed solubility equal to urea (100%).
5 Assuming a fractional passage rate of 6%/h.
6 N Balance and MP Balance estimated using LRNS.
als (method # 985.01; AOAC, 2000) , lignin (Goering and Van Soest, 1970) , NDF (Van Soest et. al.,1991), N (method# 990.03; AOAC, 2000) , soluble protein (Krishnamoorthy et., al 1982) , and sugar (Dubois et. al, 1956 ). Chemical analysis of the feed ingredients was used with the Large Ruminant Nutrition System (LRNS; http:// nutritionmodels.tamu.edu/lrns.html) to balance the diets for ME and metabolizable protein (MP), and ruminal N balance. The LRNS is based on the Cornell Net Carbohydrate and Protein System (CNCPS) version 5, as described by Fox et al. (2004) . Residual Feed Intake. Residual feed intake (RFI) was estimated during the fi rst 70 d of test. Average daily gain and initial BW (IBW) were determined from the linear regression of the fi rst 70 d on test. The RFI was calculated within treatment as the difference between actual DMI and the DMI predicted from the multiple linear regression of DMI on mid-test metabolic BW and ADG using Eq. [1]. The RFI is the ε term in Eq. [1] .
where β 0 is the intercept, β 1 is the slope of mid-test metabolic BW, β 2 is the slope of ADG, and ε is the normally, independently, identically distributed error term (i.e. RFI).
Carcass Characteristics. The 3 most and 3 least effi cient steers from each TRT were selected based on RFI calculated within TRT, for a total of 18 steers (6 steers per TRT). Feed was withheld overnight with free access to water, and steers were slaughtered at the Rosenthal Meat Science and Technology Center, Texas A&M University, College Station. Live BW, HCW, and organ weights (spleen, heart, kidney, and liver) were recorded. The whole gastrointestinal tracts (GIT) were removed and dissected, after a 24 h chill, to obtain total physical separable internal fat weights. As described by Ribeiro et al. (2008) , measurements of carcass kidney fat depth (cKFd) were taken from the hot carcass by using a tape measure. The measurement was taken from the midline (vertebrae) to the end of the kidney fat. The KPH depot was removed from the carcass before splitting. The 9th to 11th rib sections were removed according to Hankins and Howe (1946) . Rib sections from each steer were dissected, and fat, lean, and bone were separated and weights recorded. Fat and lean tissues were analyzed to determine moisture, fat, and protein content according to Hankins and Howe (1946) procedure. Nitrogen was determined by total combustion (Rapid N Cube, Elementar Americas, Inc., Mt Laurel, NJ), moisture percentage was calculated using an oven-dry procedure, and fat content determined by Soxhlet apparatus using diethyl ether (method # 934.01; AOAC, 1990) . Tissue CP was calculated as N × 6.25.
Nitrogen Balance Experiment (Exp. 2)
Five ruminally-fi stulated Holstein steers (initial BW 212 ± 26 kg) were used in a 5 × 5 Latin square. The study was designed to evaluate the effect of level of inclusion and source of NPN in fi nishing diets. Steers were housed in a continuously lighted barn and were provided ad libitum access to fresh water and offered a fi nishing diet ( Table 2 ) at 110% of average voluntary intake for the preceding 4 d.
Treatments were arranged in a 3 × 2 factorial with 3 levels of NPN inclusion (0, 0.75% and 1.5%) and 2 sources of NPN (urea and Optigen II). Levels of each of the sources of NPN were designed to be iso-nitrogenous. Steers were fed once daily at 0630 h. Treatments were hand mixed into the ration of each steer daily. Ingredients and composition of experimental diets are described in Table 2 .
Experimental periods were 16 d long, with 10 d for adaptation to treatments and 6 d for sample collection. During adaptation periods steers were housed in individual pens. During collection periods, steers were housed in metabolism crates to facilitate total collection of urine and feces.
Feed and ort samples were collected from d 11 through 14 to correspond to fecal and urine samples collected from d 12 through 15. Orts were collected at approximately 0600 h and approximately 200 g were retained for later analysis. Fecal bags and urine buckets were removed and contents weighed at 0615 daily. Feces collected over each 24-h period were thoroughly mixed, and 3% was sampled and frozen (−20°C) for subsequent analysis. Urine collected over each 24-h period was thoroughly mixed and 2% was retained as a sample and subsequently frozen (−20°C). Urine pH was maintained below 3 by adding 400 mL of 6 M HCl to urine containers before collection.
Laboratory Analysis. Partial DM of feed, ort, and fecal samples were determined by drying at 55°C for 96 h in a forced air oven. All dried samples were ground with a Wiley mill to pass a 1-mm screen. Ort and fecal samples were composited by steer across days. Feed, ort and fecal samples were dried for 24 h at 105°C in a forced air oven to determine DM and then combusted for 8 h at 450°C in a muffl e furnace for OM determination. Nitrogen content of feed, wet feces, and urine was determined by total combustion (Rapid N Cube, Elementar Americas, Inc., Mt Laurel, NJ). Crude protein was calculated as N × 6.25.
Calculations and Statistical Analyses
Animal Performance and Carcass Measures (Exp 1). The experimental unit for the performance trial (Exp. 1) was the pen, as TRT were assigned to individual pens to prevent cross feeding of animals fed different TRT.
All data was analyzed using PROC MIXED (SAS Inst. Inc., Cary, NC). Treatment effects were declared significant at P < 0.05 and trends were declared at P < 0.10. Cumulative animal performance was evaluated in 3 periods, with period 1 as d 0 to 35, period 2 as d 0 to 70, and period 3 as d 0 to 105, which represented the entire 105 d trial. The IBW was used as a covariate when either IBW or its interaction with TRT was deemed signifi cant at P < 0.05, and tended to be signifi cant at P < 0.10. For those variables with an interaction between IBW and TRT, least-square means were evaluated at 325 and 375 kg IBW, which contained the lightest and heaviest initial steers based on an average BW of 353 kg with a range of 280 to 414 kg. Orthogonal contrasts were used to evaluate differences between U 1.2 and OP 1.3 , and U 1.2 plus OP 1.3 vs. OP 3.1 .
In Vitro Anaerobic Fermentation and Gas Production. This analysis was performed to determine ration ME values for all treatment diets. Analysis was performed at the Ruminant Nutrition Laboratory at Texas A&M University using whole samples of each TRT as well as individual feed ingredients, excluding NPN and molasses. The in vitro anaerobic fermentation chamber was similar to that described by Pell and Schofi eld (1993) and Schofi eld and Pell (1995) . The chamber and procedures used in this analysis were described by Tedeschi et al. (2009) . Briefl y, the chamber included an incubator with multi plate stirrer, pressure sensors attached to 125-mL Wheaton bottles, which served as incubation fl asks, an analog to digital converter device, and a PCcompatible computer provided with appropriate software (Pico Technology, Eaton Socon, Cambridgeshire, UK). Computer software automatically recorded pressure inside the fl asks every 5 min over the 48 h incubation period. Approximately 200 mg of feed (whole TRT and individual feed ingredients) samples were added to a 125 mL Wheaton bottle, containing a Tefl on-covered stir bar, and samples were then wetted with 2.0 mL of distilled water to prevent particle scattering. The phosphate-bicarbonate medium and reducing solution of Goering and Van Soest (1970) was used as in vitro medium, and continuously ventilated with CO 2 . Bottles were fi lled with 14 mL each of media, using strict anaerobic technique in all transfers. Bottles were sealed with unused, lightly greased, butyl rubber stoppers, and crimp sealed. Rumen fl uid inoculum was obtained from a nonlactating rumen-cannulated Jersey cow, which had free access to mixed forages and mineral supplementation. The rumen fl uid was fi ltered through 4 layers of cheesecloth followed with fi ltering through glass wool, and fl ushing continuously with CO 2 . When the fermentation chamber had reached 39ºC, 4 mL of rumen fl uid were added to each bottle, the chamber door was closed and temperature allowed to increase back to 39ºC. At this point, each bottle was punctured with a needle for 5 s to 0 pressure inside the bottle. Pressure recording was initiated when the chamber had once again reached 39ºC and continued for 48 h.
Gas Production Data. Kinetic analysis of the 48-h cumulative gas production was evaluated using several nonlinear functions as described by Tedeschi et al. (2008a,b) . The nonlinear function with the least sum of square errors was selected. Nonlinear fi tting was performed using GasFit 3.6 (http://nutritionmodels.tamu. edu/gasfi t.html) as described by Williams et al. (2010) . Gas production data was used to compute TDN and ME as described by Tedeschi et al. (2009) and Aguiar et al. (2011) , and to compare them with the TDN and ME predicted by the LRNS model.
Nitrogen Balance (Exp 2). The N retained was calculated as the difference between N consumed (N in the feed -N in the orts) and N excreted in both urine and feces. Apparent N absorption was calculated as the difference between N consumed and N excreted in the feces. Dry matter digestibility was calculated as (DM consumed -DM in feces) ÷ DM consumed. Organic matter digestibility (OMD) was calculated as (OM consumed -OM in feces) ÷ OM consumed. Total digestible organic matter intake (TDOMI) was calculated as OM intake × 1 NFC = non-fi ber carbohydrate, DIP = degraded intake protein.
2 Corn amount also contains corn used as carrier for treatments 3 Nutrient composition values from composites of individual feed ingredients sampled weekly and predicted by the Large Ruminant Nutrition System (LRNS).
5 N Balance and MP Balance estimated using LRNS.
OMD. One data point (Period 4, Steer 3, high urea) was removed due to excessive N intake and retention. Data were analyzed using PROC MIXED of SAS. Orthogonal contrasts were used to evaluate differences between Optigen II and urea, and high and low levels of NPN.
RESULTS AND DISCUSSION

Animal Performance Experiment (Exp. 1)
Steer performance over the 105 d trial is given in Table 3 . There were no signifi cant differences in IBW or fi nal BW among the 3 TRT (P = 0.74 and P = 0.12; respectively). However, steers in OP 3.1 were numerically 15 kg lighter at the start of the trial, likely due to differences in step-up diets, than steers in OP 1.3 and 13 kg lighter than steers in U 1.2 . The orthogonal contrast analysis (data not shown) indicated that steers on U 1.2 were lighter at the end of the test than steers on OP 1.3 (P = 0.04), with no difference in fi nal BW between steers in U 1.2 and OP 1.3 combined as compared with OP 3.1 (P = 0.64). There was a tendency for an interaction (P = 0.09) between initial BW and TRT for the variable fi nal BW. For steers with lighter initial BW, OP 1.3 had the heaviest fi nal BW of 465 kg, and tended (P = 0.09) to be heavier than steers on U 1.2 (fi nal BW = 445 kg). Steers on OP 3.1 were intermediate in their fi nal BW at 455 kg. There was no difference (P > 0.10) in fi nal BW among steers with heavier initial BW (OP 3.1 , 514 kg; U 1.2 , 510 kg; OP 1.3 , 506 kg).
It was hypothesized that the synchronization between ruminal carbohydrate degradation and NPN release into the rumen could improve the effi ciency of utilization of available N, thereby improving animal performance. Crude protein content in the actual treatment diets was slightly greater than anticipated from pre-trial formulations, and may have led to some energy costs, particularly in the OP 3.1 treatment. (2009a) supplemented urea and a SRU to steers fed a corn-silage based diet. As was the case in this study, source of NPN did not affect initial or fi nal BW, although their study only evaluated effects over a period of 56 d. Tedeschi et al. (2002) , Wahrmund and Hersom (2007) , and Pinos-Rodriguez et al. (2010) fed a similar SRU (Optigen 1200) and found growth performance was unaffected by NPN source. Optigen 1200 was prilled urea coated with a synthetic polymer with a controlled release property (Akay et al. 2004 ).
For period 1, which included the fi rst 35 d of the trial, ADG and DMI did not differ between TRT. Steers in OP 3.1 (5.76 kg/kg) had lower (P < 0.05) F:G than U 1.2 (7.39kg/kg), and steers on OP 1.3 (6.09kg/kg) tended (P = 0.07) to have lower F:G than U 1.2 . Both OP 1.3 and OP 3.1 contained Optigen II as the NPN source, whereas U 1.2 contained urea as the sole NPN source. Taylor- Edwards et al. (2009a) observed no improvement in feed effi ciency when SRU was fed over urea during the initial phase of the trial, which differs from the current study. However, the authors did observe a slight reduction in DMI for those steers fed SRU as compared with urea over the last half of their study. Although, not signifi cant (P = 0.53) in this study, there was a numerical reduction in DMI when Optigen II was included as the NPN source, with U 1.2 having the greatest initial DMI (7.86 kg/d) and both OP 1.3 (7.75 kg/d) and OP 3.1 (7.49 kg/d) having slightly less DMI. It is likely that although differences in ADG and DMI were not signifi cant in this study, the combined difference in the variables resulted in observed differences in F:G during the fi rst and second periods.
For period 2, there were no differences in ADG or DMI among the 3 TRT. Steers on OP 3.1 (5.58) maintained lower (P < 0.05) F:G than U 1.2 (6.57kg/kg). There was an interaction between IBW and TRT (P = 3 Greatest SEM among treatment LS means.
4 P-value from F-test a,b Within a row means without a common superscript differ (P < 0.05)
x,y Within a row means without a common superscript tended to differ (P < 0.10) 0.04) for F:G for this period. Initially, lighter steers had reduced F:G for OP 1.3 (5.48kg/kg) and OP 3.1 (5.66kg/ kg) as compared with steers on U 1.2 (6.91kg/kg). Steers with a heavier IBW had no difference in F:G; however, steers on OP 1.3 (6.33kg/kg) had the greatest F:G, whereas U 1.2 (6.31kg/kg) and OP 3.1 (5.52kg/kg) had numerically less F:G. For period 3, the cumulative 105 d trial, there were no differences in ADG, DMI, or F:G. However there was an interaction (P = 0.06) between IBW and TRT such that for steers with a heavier IBW, U 1.2 steers had greater (P = 0.04) DMI (8.7 kg/d) as compared with steers on OP 3.1 (8.1 kg/d). For lighter IBW steers, U 1.2 had the least DMI (7.6 kg/d), with OP 1.3 (7.9 kg/d) having the greatest DMI, however, there were no differences (P = 0.24) in DMI of lighter steers or average steers for this period. Tedeschi et al. (2002) did not observe differences in DMI during the fi nishing phase of a trial where steers were fed Optigen 1200 or urea to prevent ruminal N defi ciency as predicted by the LRNS model. Although steers fed Optigen 1200 to meet 50% of the ruminal N requirement had decreased DMI (8.94 kg/d) as compared with steer fed urea to meet the same requirement (9.44 kg/d). Similarly, Pinos-Rodriguez et al. (2010) fed a diet containing 1.1% Optigen 1200 and found no difference in DMI as compared with a diet containing no SRU. Duff et al. (2000) noted a tendency for daily DMI to be 3% less in steers fed another SRU (i.e., Ruma Pro) as compared with control steers fed a steam-fl aked corn and urea-based diet.
Ultrasound carcass measures from the start and end of the trial, along with the change in composition, are given in Table 4 . There were no differences in initial ultrasound carcass measures among the 3 TRT or in fi nal LMA. Change in ultrasound carcass composition did not differ among the 3 TRT. However, there was an interaction (P = 0.02) between IBW and TRT for fi nal FT, such that for steers that began the test at lighter BW, OP 1.3 (1.07 cm) had the greatest (P = 0.04) fi nal ultrasound FT, as compared with U 1.2 (0.83 cm), whereas OP 3.1 (0.97 cm) was not different (P = 0.21). For steers that began the trial at heavier BW, there were no differences in fi nal ultrasound FT (P = 0.27), although OP 1.3 was the leanest (0.99 cm) whereas U 1.2 steers were the fattest (1.09 cm). There was also a tendency for an interaction (P = 0.07) between IBW and TRT for fi nal IMF. Lighter IBW steers from OP 3.1 had the greatest IMF (4.12%), with U 1.2 (3.97%) intermediate, and OP 1.3 steers having the least IMF (3.79%). For heavier IBW steers, U 1.2 (4.32%) had more IMF (P < 0.05) than both OP 3.1 (3.79%) and OP 1.3 (3.71%). MacNeil et al. (2010) examined a large database of Angus cattle for indicators of carcass marbling using both ultrasound and genomic indicators and found an average IMF of 3.91% from 6,594 animals, which is similar to the steers in this study; therefore, there is no indication that OP 1.3 or OP 3.1 altered the subcutaneous fat deposition. Table 5 has the carcass composition of the 18 steers selected based on RFI from each TRT. The HCW, dressing percentage (DP), KPH percentage, and LMA did not differ (P > 0.10) between TRT or between high and low RFI steers within TRT. However, steers fed OP 3.1 were leaner (FT = 1.04 cm) than steers fed U 1.2 (FT = 1.21 cm), with urea as the NPN source, but adjusted FT did not differ (P = 0.19) among TRT. This suggests that steers fed Optigen II might have deposited fat differently than steers fed urea, and these differences were corrected for by adjusting fat thickness, and some variation due to carcass dressing procedures may have been removed.Few studies examining SRU products have evaluated their effects on carcass composition. Tedeschi et al. (2002) found that steers fed Optigen 1200 to meet 100% of a ruminal N requirement as predicted by the LRNS model had smaller REA than steers fed urea to meet the same requirement, but the authors observed no other differences in HCW, DP, BF, KPH %, or quality grade. Pinos-Rodriguez et al. (2010) found no differences in HCW or DP between steers fed urea or Optigen 1200. Duff et al. (2000) examined the effects of a SRU (i.e., Ruma Pro) on carcass characteristics of beef steers as compared with a standard steam-fl aked corn based diet containing urea and also noted no major difference in carcass composition between the treatments. The composition of the 9th to 11th rib sections is provided in Table 6 . There were no differences (P > 0.19) in rib section weight, lipid content, protein content, N content, moisture percentage, physical muscle, bone, subcutaneous fat, and seam fat among TRT. However, high RFI steers (i.e., ineffi cient animals) tended (P = 0.09) to have more lipid content in their 9th to 11th rib sections than low RFI steers (i.e., effi cient animals), but there were no differences (P > 0.13) in subcutaneous fat or seam fat between the RFI groups. This increased lipid content in high RFI steers is consistent with fi ndings in carcass composition with low RFI steers being slightly leaner (Basarab et al., 2003; Nkrumah et al., 2004; Tedeschi et al., 2006) . Table 7 lists organ measurements as well as GIT composition for the steers from each TRT as well as for the RFI groups. The OP 1.3 animals tended to have more GIT tract fat (P = 0.08) than OP 3.1 , whereas U 1.2 and 3 did not differ (P = 0.16). However, OP 1.3 and 3 did not differ (P = 0.30) in terms of separable internal fat, but U 1.2 tended (P = 0.07) to have more separable internal fat than OP 3.1 . The GIT weight did not differ (P > 0.48) among TRT. Kidney, pelvic, and heart fat depth, and spleen weight did not differ (P > 0.22) among TRT. Steers fed urea and cottonseed meal as protein sources (U 1.2 ) had heavier (P = 0.03) hearts than steers fed Optigen II as a protein source (OP 3.1 ). Liver weights did not differ (P > 0.46) among TRT; however, steers fed urea and cottonseed meal as a protein source (U 1.2 ) had 18.3% heavier (P = 0.01) kidneys than steers fed Optigen II as a protein source (OP 3.1 ).
Carcass Composition and GIT Dissection
Nitrogen Balance (Exp. 2)
The effects of source and level of NPN inclusion for fi nishing steers are given in Table 8 . As expected, steers fed greater levels of Optigen II had greater (P = 0.02) N intake than those with low Optigen II inclusion. However, N intake did not differ signifi cantly for steers fed urea or between NPN source. Steers fed high Optigen II tended (P = 0.09) to have greater fecal N excretion than low Optigen II; 46.8 and 36.3 g/d, respectively. However, when fecal N was examined as a percentage of N intake, there were no differences between high and low Optigen II, suggesting that this difference in fecal N can be partially explained by the greater N of the high Optigen II -fed steers. For steers fed urea, those fed greater amounts excreted a greater proportion of their N intake in fecal N as compare to those fed low urea. There were no differences in fecal N excretion between urea and Optigen II. As expected, for both urea and Optigen II, high TRT levels had greater urinary N excretion (P < 0.05) than low TRT, whereas urinary N did not differ (P = 0.20) between urea and Optigen II.
In contrast to these results, when Taylor 2 U 1.2 = 1.2% Urea, OP 1.3 = 1.3% Optigen II (Altech, Lexington, KY), OP 3.1 = 3.1% Optigen II no cottonseed meal, LMA = LM area, FT = fat thickness, RFI = residual feed intake, H = high, L = lo.
3 n = 6 steers/treatment and n = 9 steers/RFI group.
a,b Within a row means without a common superscript differ (P < 0.05).
steers, fecal N excretion was greater for steers fed SRU, whereas N intake and urinary N did not differ among treatments. Taylor-Edwards et al. (2009b) had slight differences in CP content of their SRU and urea diets with 12.7% CP in the SRU diet compared with 13.0% CP in the urea diet. This is refl ected in the fact that SRU fed steers consumed slightly more feed, but slightly less N. In the current experiment, treatments were designed to be iso-nitrogenous, as Optigen II contains 41% N as compared with 46% N in urea. Galo et al. (2003) fed lactating Holstein females a diet with or without a polymer-coated urea product (Optigen 1200) and found that cows fed SRU had greater N intake and urinary N, but less fecal N. Apparent N absorption differed (P < 0.05) for level of NPN, and tended to differ for source of NPN (P = 0.09). Urea fed steers tended to have more apparent N absorption than Optigen II fed steers. It is likely that this difference in apparent N absorption is due to a numerically greater N intake by the urea fed steers as fecal N did not differ among the treatments. N retention did not differ among any of the treatments. Amount of N retained was similar to the values observed by Archibeque et al. (2007) , in which steers were fed low (9.1% CP), medium (11.8% CP), high (13.9% CP), or oscillating (9.1% CP or 13.9% CP alternating every 48 h), and N retained ranged from 34.8 to 55.0 g/d.
In agreement with these results, Owens et al. (1980) found no difference in N retention for steers fed urea as compared with a coated SRU product. However, in contrast to these results, Taylor-Edwards et al. (2009b) found steers fed SRU tended to have less N retention than steers fed urea. This is contrary to the hypothesis that SRU would release urea at a slower rate to allow more effi cient utilization of ammonia and therefore allow for greater N utilization and retention.
The ratio of N retained to N intake did not differ for source or level of NPN. The ratios of N retained to N absorbed and N retained to TDOMI also did not differ for source or level of NPN, with the exception of high and low urea. The ratio of N retained per gram of TDOMI Table 6 . Effects of the inclusion of urea or Optigen II in steam-fl aked corn based rations on the 9-11 rib section composition of beef steers (Exp. a-c Within a row means without a common superscript differ (P < 0.05).
x-z Within a row means without a common superscript tended to differ (P < 0.10).
tended (P = 0.10) to be greater for steers fed high urea as compared with low urea. However, the ratio of N absorbed to N intake tended to differ between high and low urea (P = 0.06), but not between high and low Optigen II or between urea and Optigen II. In agreement with these results, Taylor-Edwards et al. (2009b) also reported no differences in N retention as a percentage of N intake. Intake and digestibility means are given in Table 8 also. There were no differences in intake or digestibility between source or level of NPN. Previous research has shown either no differences in DMI between urea and SRU (Galo et al., 2003) or observed an increase in digestible DMI for SRU fed steers (Owens et al., 1980) . This discrepancy is likely due in part to differences in CP content of diets and growth rates of animals. In agreement with these results, Taylor-Edwards et al. (2009b) found no difference in DMI or OM intake. Previous studies have also found SRU did not have an effect on digestibility (Oltjen et al. 1968; Owens et al. 1980; Galo et al. 2003; Taylor-Edwards et al. 2009b) .
The evaluation of a SRU product (Optigen II) and its effects on performance, carcass characteristics and N balance of fi nishing steers indicated that when compared with urea, as a NPN source for fi nishing beef cattle diets, steers fed Optigen II, as the only source of feed N, were more effi cient during the initial feeding period. Overall growth and DMI were not affected by NPN source over the 105-d feeding period. These data also indicated that when Optigen II was the only source of feed N (OP 3.1 ) steers were slightly leaner, but marbling score and QG were unaffected. These results suggested that feedlot steers may benefi t from an increase in feed effi ciency from a SRU product (e.g., Optigen II) as the only source of feed N without negatively impacting carcass quality. An evaluation of N balance also indicated no major differences between Optigen II and urea, confi rming that SRU can replace urea at different levels of N intake. 
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